meters related to the severity of ARF and sepsis suggests that PAF may contribute to the development Background. Studies in experimental animals have suggested that platelet-activating factor (PAF ) is a of renal injury in septic patients. mediator of sepsis-associated acute renal failure Key words: acute renal failure; cytokines; humans; (ARF ). In the present study we have evaluated whether platelet activating factor; septic shock an increased concentration of PAF within circulation or urine of septic patients correlated with the worsening of renal function.
sion in endotoxaemia and septic shock [5] . No studies are available in humans on the involvement of PAF in Study protocol acute renal failure (ARF ) associated with sepsis.
The aim of the present study was to evaluate whether
The study protocol was approved by the local institutional an increased concentration of PAF within circulation Ethic Committee. The 12 patients of Group ARF were correlated with the impairement of renal function in followed for 4 days by monitoring clinical and biochemical septic patients. For this purpose 12 patients with septic parameters as well as by measuring PAF and cytokines in shock and ARF were studied by monitoring PAF blood and urine. The collection of clinical parameters and and cytokine concentration in blood and urine for 4 of blood and urine samples of patients was performed in consecutive days.
early morning. Clinical parameters included body temperature, mean arterial pressure, heart rate, respiratory rate, and urine output. As biochemical data, serum creatinine, BUN, fibrinogen, fibrinogen degradation products (FDP)
Subjects and methods
and haemochromocytometer examination were evaluated. Creatinine, BUN, fibrinogen, and haemochromocytometer
Patients and controls
examination were performed by standard laboratory methods. FDP were evaluated by a semiquantitative assay Twelve severely ill patients (aged 49-87 years, 70.8±4.3 (Murex, Dartford, Kent, UK ). The same protocol was years, mean±SEM ) with septic shock and with or without applied to the controls (Group Healthy and Group CRF ). multiple organ dysfunction syndrome (MODS) defined according to criteria of ACCP/SCCM Consensus Conference [14] were studied ( Table 1 ). All patients presented clinical Purification and characterization of PAF and laboratory evidence of serious infection (Table 1) . Patients presenting one of the following conditions were Freshly drawn blood (20 ml ) and urine (10 ml ) samples obtained at each time were immediately processed for PAF excluded from the study: positivity for HBsAg, or HCV, or HIV; presence of systemic diseases-e.g. diabetes mellitus or extraction. Blood samples were collected in citric aciddextrose solutions (ratio 156) and immediately centrifuged autoimmune disease; metastatic or advanced cancer patients; pregnancy; burns, or allograft. In all septic patients the first at 200 g (20 min at 22°C ). Platelet-rich plasmas were removed and centrifuged at 1000 g for 20 min, while platelet day of study protocol was the day of diagnosis of ARF, defined as a serum creatinine higher than 2.0 mg/dl and/or pellets were resuspended and washed twice in a Ca2+-Mg2+-freeTris-Tyrode solutions. In blood PAF was urine output lower than 400 ml/day in the presence of anamnestic data of normal renal function (serum creatinine measured as PAF associated with platelets (PAF-Ptls) or as PAF extracted from platelet-free plasma (PAF-Plsm) or from below 1.0 mg/dl ). The causes of sepsis, the score APACHE III [15] , the presence of MODS, defined as involvement of platelet-rich plasma (PAF-PRP).
Lipid extraction was performed by a modification of the two or more organs [16 ] , and the outcome are reported in Table 1 . All patients received conventional therapy including Bligh and Dyer procedure, with formic acid added to lower the pH of the aqueous phase to 3.0 [6 ]. crystalloid solutions, broad-spectrum antibiotics and other drugs including diuretics and vasopressor agents.
PAF was assayed after extraction and purification by thin layer chromatography (TLC; silica gel plates 60 F254, Merck, As controls, levels of PAF and cytokines in blood and urine were studied in two groups of subjects: (i) eight healthy Darmstardt, Germany) and high pressure liquid chromatography (HPLC; microPorasil column, Millipore chromatosex-and age-matched volunteers (Group Healthy); (ii) eight patients affected by stabilized chronic renal failure (Group graphic division, Waters, Milford, MA) by aggregation of washed rabbit platelets as previously reported [6, 7] . The CRF ) with a similar impairment of renal function of Group biologically active material extracted from platelets and were constantly and significantly higher in Group ARF plasmas in different samples was characterized by comparison than in controls (Table 3 ), whereas IL-1 was increased with synthetic PAF by the following criteria: (i) induction on day 4. The concentration of TNF was inconstantly of platelet aggregation by a pathway independent both from increased in patients of Group ARF but only the ADP and from arachidonic acid/thromboxane A2-mediated urinary excretion of TNF reached a statistical significpathways; (ii) specificity of platelet aggregation as inferred ance ( Table 3) . In Group ARF, the mean amount of from the inhibitory effect of 5 mM WEB 2170 or CV 3988, PAF-PRP and levels of creatinine during days 1-4 two different PAF receptor antagonists 
3728).
A significantly positive correlation was found among
Results
PAF-urine pg/creatinine mg and serum IL-6 and with urine IL-8 and IL-6 pg/creatinine mg ( Figure 3) . No Clinical and laboratory data of patients with ARF and significant correlation was found among PAF-urine septic shock are given in Table 1 . Of these patients, pg/creatinine mg and clinical parameters such as body seven developed MODS and the mortality rate was temperature (r=−0.3223, P=0.1011), mean arterial 50% (6 of 12 patients).
pressure 
Discussion
(18.5±4.7 pg/mg) were not significantly different from that of control groups ( Table 2 ) when the survived patients were studied about 1 year after recovery.
The results of the present study suggest a correlation between the concentration of PAF in plasma and urine The levels of IL-6 and of IL-8 in plasma and urine PAF-Ptls, PAF associated with platelets; PAF-Plsm, PAF extracted from platelet-free plasma; PAF-PRP, PAF extracted from platelet-rich plasma; urine PAF/creatinine (pg/ml ), PAF/creatinine in urine expressed as pg of PAF/mg of creatinine by litre of urine. 
Fig. 2. Relationship in patients of
Group ARF between blood concentrations of PAF and heart rate, serum creatinine, platelet count, and serum IL-6. A significant positive correlation was found between PAF-PRP (pg/ml ) and heart rate (beats/min), serum creatinine (mg/dl ), and serum IL-6 (pg/ml ), and a negative correlation between PAF-PRP and platelet count.
and the severity of acute renal failure in patients with inflammatory protein-1 (MCP-1), RANTES, cytokineinduced neutrophil chemoattractant (CINC ), macroseptic shock.
In humans, acute renal insufficiency is one of the phage inflammatory protein-2 (MIP-2) and IL-8 [19] . Furthermore, renal function is affected by increased most important complications observed in sepsis. The mechanism of renal injury in sepsis are complex and concentrations of angiotensin II and noradrenaline, and of mediators such as eicosanoids, cytokines ( TNF, involves both the bacterial products and the host response. Haemodynamic changes, namely persistent IL-1, IL-6, IL-8), endothelin, NO, and PAF produced both by resident glomerular cells or by circulating hypotension leading to renal ischaemia play a primary but not exclusive role in causing the fall in glomerular leukocytes [5] . Experiments performed ex vivo on isolated perfused kidney suggest that endotoxin causes filtration rate as it has been shown that renal involvement can develop independently of endotoxaemia, a slight increase of renal vascular resistances and does not significantly affect glomerular filtration rate (GFR) although endotoxaemia may contribute to the severity of acute renal failure [5] . A direct renal action of and Na reabsorption [17] despite the enhanced expression of mRNA for MCP-1, IL-1 and TNF [18] . In bacterial endotoxin has been suggested [17] . Indeed, glomeruli and/or glomerular mesangial cells, that contrast, in vivo endotoxin causes a profound alteration in renal haemodynamics, suggesting the role of express mCD14, may be stimulated by the LBP-LPS complex to synthesize cytokines ( IL-1, TNF, IL-6) extrarenal factors including the extrarenal generation of mediators, the contribution of circulating inflam-[18], chemokines such as IL-8, monocyte chemoattractant protein-1 (MCP-1), RANTES, growth-matory cells or the requirement of plasma as source of sCD14 and LBP for the full expression of the related oncogene-alpha (GROa) and growth-related oncogene-beta (GROb) [19] , and PAF [3, 4] . Also actions of endotoxin [1, 4, 13] . The reduction of GFR induced by LPS in isolated perfused kidney requires tubular epithelial cells that do not express mCD14, can be directly stimulated by endotoxin to produce the presence of PMN and depends on the generation of oxygen radicals [21] . oxygen radicals and proinflammatory cytokines via the interaction with sCD14 [20] . These cells may proAnother mediator produced by endotoxinstimulated leukocytes, potentially involved in the duce also several chemokines including macrophage Fig. 3 . Relationship in patients of Group ARF between blood PAF and urine IL-8 and between urine PAF and serum IL-6 and urine IL-6 and IL-8. A significantly positive correlation was found among PAF-PRP (pg/ml ) and urine IL-8/creatinine (pg/mg) and between PAF-urine/creatinine (pg/mg) and serum IL-6 (pg/ml ), urine IL-6/creatinine (pg/mg) and urine IL-8/creatinine (pg/mg). pathogenesis of acute renal failure, is PAF [1, 2] . PAF PAF mediates or potentiates certain effects of proinflammatory cytokines involved in the pathogenesis of is synthesized from mesangial cells, endothelial cells, and leukocytes stimulated by endotoxin, porins and septic shock, including TNF and IL-1 [6, 7] .
In the present study we investigated intravascular endotoxin-induced cytokines such as TNF and IL-1 [3, 4, 6, 7] . PAF can act directly on isolated glomeruli concentrations of PAF in patients with septic shock and acute renal failure. Previous studies demonstrated inducing reduction of planar surface due to contraction of mesangial cells [22] . TNF and IL-1 are also capable high concentrations of PAF in blood and bronchoalveolar lavage during human sepsis [8-10] that correlof contracting mesangial cells by a mechanism involving the production of PAF [22] . In turn, PAF ated with the occupancy of platelet receptors [8] .
Moreover, it has been shown that the rate of catabolism promotes the synthesis of thromboxane A 2 and generation of oxygen radical [5] . PAF infusion in vivo causes of PAF is reduced during septic shock [11] . We found that the concentration of PAF in septic patients during the fall of GFR and RBP, the reduction of urine output, and of Na+ excretion [13] . a 4-day follow-up was persistently increased not only in plasma, but also in association with platelets and in The involvement of PAF in renal injury induced by endotoxin has been established in rats by Wang and urine. Moreover, the platelet-rich plasma as well as the urinary concentration of PAF correlated with the Dunn [2] , who demonstrated that PAF-receptor blockade completely prevented the reduction in glomerular severity of renal failure and with several clinical and immunological parameters known to be altered in filtration rate, in renal plasma flow and in filtration fraction induced by infusion of doses of endotoxin not sepsis. The most relevant finding of the present study was the strong correlation among the PAF-urine/creatiable to affect systemic haemodynamics. The ability of PAF to induce systemic and renal haemodynamic nine ratios and urine IL-6/creatinine ratio, serum IL-6 concentration and urine IL-8/creatinine ratio alterations [2, 13] , to increase vascular permeability and to enhance leukocyte adhesion to endothelial cells ( Figure 3) . Previous studies have shown that both IL-6 and IL-8 can be considered good indexes of the renal [5] suggests that in septic patients this mediator contribute in promoting microvascular injury occurring inflammatory injury [23] . An other interesting observation was the lack of link between the concentration of in sepsis. Moreover, it has been recently shown that 
